During the past few years there have been an increasing number of reports in the medical literature of cases of traumatic dissection as a result of cannulation of the femoral or iliac arteries and retrograde perfusion during openheart surgery (Jones, Vetto, Winterscheid, Dillard, and Merendino, 1960; Elliott and Roe, 1965) . Over the past two years (October 1963 to October 1965 in 160 open-heart operations performed at the National Heart Hospital, five cases of traumatic arterial dissections were encountered with an incidence of 3-1%.
CASE REPORTS CASE 1 F. W. (Hospital no. 1032) A man aged 60 years presented with a five years' history of angina on effort, dyspnoea on exertion, and paroxysmal nocturnal dyspnoea. Previously he had been asymptomatic, though a heart murmur was heard at the age of 25 years.
On examination there was well-marked arcus senilis.
B.P. 110/65 mm. Hg. There were physical signs of rigid aortic stenosis with minimal regurgitation. A chest radiograph showed marked post-sten-otic dilatation of the ascending aorta and calcification in the region of the aortic valve.
An aortogram showed severely stenosed and immobile aortic cusps and minimal-to-moderate aortic regurgitation. It was not possible to enter the left ventricle.
Operation Homograft replacement of the aortic valve was carried out under normothermic cardiopulmonary bypass with arterial return into the left external iliac artery. The excised valve was rigid and calcified with a triangular orifice measuring 1 x I x 1 cm.
On the ninth post-operative day the patient developed ventricular tachycardia and generalized con- vulsions, but was resuscitated. An early diastolic murmur was detected at that time.
Forty-five days after operation the patient suddenly collapsed while sitting in a chair in the ward and died in spite of immediate attempts to resuscitate him.
TPresent address: Harefield Hosptal, Harefeid, Middlesex Necropsy A 5 mm. gap was present due to deluscence of sutures between the homograft Ind the aortic wall. There was mild atheromatous change in the ascending aorta, the arch becoming severe in the descending aorta, especially below the renal arteries, with some ulceration and calcification. There was an extensive dissection with a double lumen extending from the left subclavian to the left common iliac artery. The false lumen was endothelialized and contained no clot (Fig. 1) .
CASE 22 A. E. (Hospital no. 7126) A man aged 59 years presented with a five years' history of angina on eflort which was getting progressively worse. He also complained of dyspnoea on exertion and attacks of paroxysmal nocturnal dyspnoea for three years.
On examination the B.P. was 130/80 mm. Hg. There were physical signs of rigid aortic stenosis and minimal regurgitation.
A chest radiograph showed the heart was of normal size. There was moderate calcification in the region of the aortic valve. No dilatation or calcification of the aorta was seen.
Operation On beginning bypass after cannulation of the left external iliac artery the arterial line pressure rose alarmingly, indicating obstruction. The cannula was withdrawn and the right iliac artery was cannulated.
When the ascending aorta was clamped its proximal portion did not decompress. Incision of the ascending aortic wall revealed a double-barrelled chamber with dissection almost to the origins of the coronary arteries. The aortic valve was excised and replaced with a homograft, and the dissection space was closed proximal to the aortic clamp by a continuous circumferential suture inserted through all coats.
The heart subsequently took over its work-load without difficulty. However, 12 hours later the diastolic pressure fell suddenly from 70 mm. Hg to zero without any change in the systolic pressure. No diastolic murmur could be heard. A retrograde aortogram via the right femoral artery was attempted, but the catheter could not be manipulated past the aortic knuckle. A cine-aortogram after injection of dye at this level demonstrated considerable narrowing of the true aortic lumen. There was a soft tissue shadow of the dissection lying beside the lumen. 2This case has been reported in detail (Dongaonkar, 1966) A chest radiograph showed the heart size to be within normal limits. There was some prominence of the ascending aorta. The aortic valve was heavily calcified and there was also some calcification in the left coronary artery.
A left ventricular cine-aortogram showed thickened, rigid, and irregular aortic valve cusps and a severely stenosed valve orifice with moderate aortic regurgitation. The coronary arteries appeared to fill satisfactorily.
Operation When the left common iliac artery was exposed it was found to be grossly atherosclerotic and cannulation was impossible. The right common iliac artery was therefore exposed and, although it was similarly affected, it was possible to cannulate this vessel. As the possibility of dissection was anticipated the line pressure was watched carefully while bypass was started. When the aorta was opened its intima was found to be thickened and friable. The aortic valve was bicuspid, heavily calcified, and disorganized. It was excised and replaced with a freezedried homograft and the aortotomy was closed. On removal of the aortic clamp it was noticed that the pressure in the ascending aorta remained low at 30 to 40 mm. Hg, whereas the pressure in the descending aorta as measured by needle puncture was 150 mm. Hg. The heart action started to deteriorate due to poor coronary perfusion. The body was therefore cooled to 300 C. and the circulation was then arrested.
A finger in the ascending aorta confirmed the presence of dissection up to the point of application of the aortic clamp proximal to the innominate artery. Perfusion was reinstituted through a tubular piece of teflon sewn into the aortotomy incision. This resulted in immediate restoration of heart action, and it was possible to re-warm the patient and wean her off bypass. Good (Fig. 4) The left common iliac artery was cannulated without difficulty, but it was immediately noticed that there was a very poor back-flow into the cannula. Localized dissection of the atherosclerotic artery was diagnosed and the cannula was immediately withdrawn. The diagnosis was confirmed by inspecting the inside of the artery. In view of our previous experience in case 3 no attempt was made to cannulate the right external iliac artery. Instead, we proceeded to direct cannulation of the ascending aorta.
The operation was uneventful and the left common iliac artery was sutured at the end of bypass.
The post-operative recovery was without incident and the patient was discharged home well.
The Table shows that two of the reported patients died as a direct result of traumatic arterial dissection (cases 2 and 3). In patient 1, however, we cannot be certain that the dissection was the direct cause of death. As the false lumen was partly epithelialized and despite the fact that the patient survived for 45 days, it is difficult to be certain whether the dissection was present before the operation or not. The patient also had aortic regurgitation as a result of partial dehiscence of the homograft.
Patient 5 survived because the dissection was discovered at a very early stage and direct aortic perfusion was instituted instead of making further attempts at cannulation of the opposite external iliac artery, in which case the outcome would probably have been similar to that in cases 2 and 3.
TECHNIQUE OF CANNULATION OF THE ASCENDING AORTA
As a result of our experience with the above cases we adopted the technique of cannulation of the ascending aorta (Nuinez and Bailey, 1959; DeWall and Levy, 1963) .
The site chosen for cannulation, near the root of the innominate artery, is prepared by clearing the loose part of the adventitia and the pericardial reflection. This step is important in order to avoid the cannula being caught in this loose areolar tissue during its insertion. It also facilitates suture of the aortic incision at the end of the procedure. A no. 00 purse-string silk suture is inserted through the adventitia and media, avoiding, if A lateral occlusion clamp is applied to the aortic wall in order to isolate the selected cannulation area without obstructing the aortic flow. A vertical incision in line with the aorta is made in the area demarcated by the purse-string using a no. 12 curved blade. As the clamp is released the cannula is inserted for a distance of 7 to 10 cm. so as to lie in the arch of the aorta. As soon as the blood fills the cannula the tap is closed by the assistant and the purse-string is tightened. The cannula is secured in position by tying it to the snare with nylon tape and is further secured to the arm of the retractor with another tape. The cannula is then connected to the arterial line after air has been excluded by gradually releasing a clamp applied to the cannula while it is being connected.
At the end of perfusion the side occlusion clamp is reapplied after the cannula has been removed. The aortotomy is then sutured in two layers and the purse-string suture is tightened in order to take the strain off the suture line.
DISCUSSION
Traumatic arterial dissection at the time of cannulation for cardiopulmonary bypass has now become a recognized hazard of this procedure (Williams and Johnson, 1964) .
Elderly or hypertensive patients with cystic medial necrosis of the aortic walls are particularly prone to this hazard (Manley, 1964) . All our patients were above 45 years of age, but none of them was hypertensive.
Although many authorities deny that atherosclerosis is a primary cause of spontaneous arterial dissection and insist that the coexistence of atherosclerosis and dissection is not necessarily related (Hudson, 1965) , it seems to be an important factor in dissection of traumatic origin.
Dissection usually occurs due to the presence of atherotmatous areas in the cannulated artery or more proximally in the path of a retrograde stream. A high velocity retrograde jet may disrupt diseased intima at the tip of the cannula at the time of cannulation or later during the perfusion. This is particularly likely if the cannula changes its position and the jet becomes directed towards the arterial wall. The diseased intima can also become disrupted at sites remote from the tip of the cannula, e.g., at the aortic bifurcation or the abdominal aorta. Elliott and Roe (1965) reported two cases of arterial dissection during cardiopulmonary bypass in which the dissection did not take place at the time of cannulation but occurred after the patients had been on bypass for a considerable period of time. At necropsy it was verified that the intimal tear took place in a diseased part of the aorta at its bifurcation and well away from the tip of the cannula, which was inserted into the common femoral artery. The predisposition to dissection was due to atherosclerosis in one case and to cystic medial necrosis in the other. Braunstein (1963) studied the clinical history and necropsy records of 35 cases of aortic dissection and found that in 30 cases the outstanding clinical features were old age, hypertension, and atherosclerosis. The remaining five patients, however, were young subjects. The prominent features in the latter group were fragmentation of the elastica and the massive accumulation of mucoid substance in the wall of the aorta. Hudson (1965) maintains that there are two distinct types of patient with dissection: younger patients with fragmentation of the elastic tissue in the media; and older patients with cystic necrosis of the muscle of the media.
From the above it becomes evident that the danger of dissection not only exists in the older age-group but is a hazard in the younger patient as well.
A group particularly prone to dissection are patients with dilated arteries. This was shown in a necropsy study of the total aortic area in 336 patients (Mitchell, Schwartz, and Zinger, 1964) . It is also well known that patients with Marfan's syndrome are particularly prone to dissection.
Other conditions which have been reported to increase the susceptibility to dissection are calcific aortic stenosis, whether congenital or acquired (Petch, 1952; Hudson, 1965; Heath, Edwards, and Smith, 1958) , and bacterial endocarditis.
Traumatic arterial dissection is just one of the hazards to which cannulation of the femoral or iliac arteries subjects patients. Cases of retroperitoneal haematoma have been described (Van der Woude and Iticovicci, 1962) . DeWall and Levy (1963) maintain that this type of cannulation leads to almost total ischaemia of 20% of the total body weight throughout the duration of bypass, with subsequent flooding of the circulation with accumulated metabolites at the time of decannulation, in addition to pooling of blood in the dilated limb vessels.
There are also delayed complications. We have encountered one case of claudication following cannulation of limb arteries. The patient required a second operation to disobliterate the thrombosed external iliac artery four months after the bypass procedure.
There are also likely to be a number of cases of localized dissections which pass unnoticed.
Some may remain silent, but many of the puzzling clinical pictures which follow this type of surgery may be due to ischaemia of various organs as a result of healing of a dissection. Healing dissections have been reported to cause paraplegia, steatorrhoea, large bowel obstruction, renal complications, cerebral ischaemia, aortic regurgitation, and myocardial infarction. A healed dissection may also be the source of thrombo-embolism thought to be originating from the prosthetic valve. Long survival also allows the possibility of bacterial endocarditis of the dissection (Robinson, 1958 ).
Since we adopted the technique of direct cannulation of the ascending aorta we have used it in 1283 cases without complication. As a result we are now convinced of the superiority of this technique. It has the advantage of not extending the operative field. It is easy and permits the rapid introduction of almost any size of cannula and an equally simple and time-saving decannulation. The risks related to atherosclerosis of the limb vessels and the difficulties of their cannulation are avoided. A forward flow from a large-size cannula is also less likely to disrupt the diseased intima at sites remote from the tip of the cannula. Kerth (1965) reported a case in which dissection occurred during bypass and the patient was saved by removing the cannula from the external iliac artery and replacing it in the aorta. Following bypass a decompression window was created. The 3Up to 20 July 1966. The technique has been used in 70 more case up to 7 December 1966, still without complication patient survived and an angiogram showed a persistent double aortic lumen.
A further advantage of this technique is that the perfusion site is continuously under vision throughout the duration of bypass and any leak can be detected immediately. There is also some evidence that perfusion of the brain and heart is better and, in hypothermic perfusion, the cooled blood is primarily directed to the important visceral organs and then to the muscle mass (DeWall and Levy, 1963 open-heart surgery. 
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